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The safety of acoustic neuroma excision has improved throughout this century.' Notable advances include Harvey Cushing's introduction of the bilateral suboccipital approach,2 Atkinson's recognition of the importance of the anterior inferior cerebellar artery,3 recognition of the importance of early diagnosis,4 and finally the introduction of the operating microscope and microsurgical technique. Eighty years ago mortality was as high as 80%, but may now be lower than 4%.5 The lowest figures relate to tumours of less than 2-5 cm diameter. Mortality with tumours over 4 cm however, may still approach 20%, and many authors have commented upon the relationship between operative mortality and tumour diameter.6 7 The risk factors with large tumours are undoubtedly multiple. Brainstem compression, longer anaesthetic times, damage to the anterior inferior cerebellar artery, and brainstem trauma during retraction have all been discussed.
We suggest there is a further but remediable cause in some cases. This is a coagulation defect resulting from previously unrecognised intraoperative thromboplastin release. Intravascular coagulation is associated with infection, tumours, injury and with brain tissue destruction following head trauma.8 " Excision of a large acoustic neuroma with tumour destruction might similarly release thromboplastin and cause a transient coagulopathy. We report three patients in whom this operative complication was strongly suspected.
Surgical technique
In a c.,asecutive series of 67 cases of acoustic neuroma removed in the last five years by the same surgeon (AC) the age range has been 19 to 74 years with 35 males and 22 females. The tumour was greater than 4cm in diameter in 33 cases, and in all of these larger tumours a similar surgical technique has been used. Each patient was anaesthetised, ventilated and placed in the "park bench" position. Access to the tumour was obtained via a suboccipital muscle splitting incision and occipital craniectomy. A subpial excision of the lateral quarter of the cerebellum allowed good exposure with minimal brainstem retraction. A microscopic removal of the intracapsular contents with rongeurs and CUSA (Cavitron Ultrasonic Surgical Aspirator) preceded excision of the capsule. Anatomical preservation of the facial nerve was attempted in all cases and was successful in 19 cases, although functional recovery has been noted in only eight of these patients with large tumours. Including the two reported below, there have been four deaths in the series. (Two bleeding, one myocardial infarction and one septicaemia.) Histology was confirmed as schwannoma in all cases, and no patient had a previous history of abnormal bleeding.
Case records
Case I A 55-year-old woman presented with a right-sided 4-5 cm acoustic neuroma. Prior to excision a ventriculoperitoneal shunt was inserted. Operation was performed as above, and the patient was normotensive throughout and received two units of blood. She wakened easily from anaesthetic with only a facial weakness, but two hours later became drowsy and lapsed into coma. An emergency CT scan revealed a large posterior fossa haematoma. At reexploration this clot was evacuated but generalised oozing could not be controlled and, despite all surgical and haematological manipulations, she died the following day. Postoperative results suggested intravascular coagulation with a reduction in platelets to 91 x 109/l, and shortened thrombin time and partial thromboplastin times consistent with activation of coagulation pathways but not exhaustion of clotting factors. Fibrin degradation products were raised at 80pg/ml (normal less than I0yg/ml). Postmortem 
Discussion
In one series of 120 cases5 there were four deaths. Of these three were due to bleeding. Two of these patients had tumours larger than 5 cm and the other a tumour 3-5 cm in diameter. As in other series roughly two thirds of the deaths are related to bleeding problems.6 If these could be controlled then overall operative mortality should fall. We suspect that unrecognised release of tissue thromboplastin causing limited intravascular coagulation contributes to some of these deaths. The situation may be analogous to that described by Goodnight8 where brain tissue necrosis led to a transient and limited defibrination. In their longitudinal studies in untreated patients the condition was self-limiting with return of normal coagulation within 5 to 18 hours of injury, but with a potentially lethal period of a few hours when intracranial haemorrhage might occur spontaneously.
The patients we have presented all had large neuromas. All had clinically normal haemostasis at the beginning of their craniectomy which became abnormal later. In Case 1 abnormal bleeding in association with thrombocytopenia, activated coagulation and a small rise in fibrin degradation products is consistent Mattock, Crockard with limited intravascular coagulation. In both Cases 2 and 3 there was excessive bleeding which was improved by infusion of fresh frozen plasma, and therefore there was speculation as to whether limited defibrination had occurred. In neither case were appropriate samples taken prior to infusion of coagulation factors. However, estimates of prothrombin, partial thromboplastin, and thrombin times were unremarkable following infusion, as were fibrin degradation products.
If transient limited defibrination does occur during acoustic surgery, what is the source of the thromboplastin? In our cases there are three possible sources, the fragments of tumour, the resected cerebellum and least likely, infarction of the lateral pons. We believe the likely source of thromboplastin is the tumour itself whilst it is removed by CUSA or rongeurs. CUSA would seem to be a potent method for releasing tissue thromboplastin as it produces a near homogenate, and the larger tumours might release more thromboplastin. We assume that we have not seen bleeding with smaller acoustic neuromas as they are generally removed whole or in few pieces. The cerebellar resection is an unlikely major source, as at least two series have reported no increased mortality associated with preliminary partial cerebellar resection. ' '0 It can be argued that our patients suffered trauma to the anterior inferior cerebellar artery resulting in pontine infarction and thromboplastin release. However in no patient were there the autonomic changes emphasised by Atkinson,3 namely a sudden rise in blood pressure and pulse rate, and an abnormal pattern of respiration marking the clipping of the artery. Neither was there the postoperative high fever he described. At necropsy in all cases the anterior inferior cerebellar artery was patent and the distribution of haemorrhage and infarction was inconsistent with occlusion of that vessel.
A two-stage procedure has been reported in 23 patients with very large neuromas, with no deaths and no reported bleeding. " It is interesting to speculate as to whether part of this success may relate to two-stage release of tumour thromboplastin.
Whatever the source of thromboplastin the treatment is identical. Immediate replacement of fibrinogen, factor V, and factor VIII may be required, as recommended by Goodnight,8 and we agree that heparin and epsilon-aminocaproic acid are inappropriate. Platelet concentrates, not readily available in 1974 should also be considered if the platelet count falls below 100 x 109/l.
A prospective study of coagulation during surgery for large acoustic neuroma is now indicated. This should include serial studies of fibrinogen, fibrin degradation products, and factor V during, and in the first few hours following surgery.
